Sufficient conditions for controllability of Sobolev-type integrodifferential systems in Banach spaces are established. The results are obtained using compact semigroups and the Schauder fixed-point theorem. As an example is provided to illustrate the results.
INTRODUCTION
The problem of controllability of linear and nonlinear systems represented by ordinary differential equations in finite dimensional spaces has w x been extensively studied. Several authors 5, 6, 14᎐18, 22, 25 have extended the concept to infinite dimensional systems in Banach spaces with bounded w x operators. Triggiani 23 established sufficient conditions for controllability of linear and nonlinear systems in Banach spaces. Exact controllability of abstract semilinear equations has been studied by Lasiecka and Triggiani w x w x 12 . Quinn and Carmichael 21 have shown that the controllability problem in Banach spaces can be converted into one of a fixed-point problem w x for a single-valued mapping. Kwun et al. 11 investigated the controllabil-ity and approximate controllability of delay Volterra systems by using a w x fixed-point theorem. Recently Balachandran et al. 1, 3 studied the controllability and local null controllability of nonlinear integrodifferential systems and functional differential systems in Banach spaces. The purpose of this paper is to study the controllability of Sobolev-type integrodifferential systems in Banach spaces by using the Schauder fixed-point theorem. The integrodifferential equation considered here serves as an abstract formulation of Sobolev-type integrodifferential equations which arise in w x many physical phenomena 1, 7᎐9, 13, 20 .
Consider a nonlinear integrodifferential system of the form Ž y1 . set of yAE , the resolvent R , yAE is a compact operator. w x w x The hypotheses C , C and the closed graph theorem imply the Ž . Ž . i For each t g J, the function f t, и : X ª Y is continuous, and Ž . for each x g X the function f и, x : J ª Y is strongly measurable.
where ␣ is a real number.
Ž . tinuous, and for each x g X the function H и, и , x : J = J ª X is strongly measurable.
w x C The function g satisfies the following two conditions:
ªY is continuous, and for each x g X, H g X the function g и, x, y :
where ␤ is a real number. Ž . Now the solution of 1 is given by the integral equation 
x t s E T t Ex q E T t y s f s, x s ds
In the next section the Schauder fixed-point theorem is used to establish Ž . the controllability theorem for Eq. 1 under the above conditions. is controllable on J pro¨ided that
Ž . It shall now be shown that when using this control, the operator S defined by t y1 y1 However,
Sx t s E T t Ex q E T t y s f s, x s ds
a contradiction. Hence, SB ; B for some positive integer K.
K K
In fact, the operator S maps B into a compact subset of B . To prove K K this, it is first shown that for every fixed t g J the set
Ž . Ž .Ž .
Ž . Ä 4 is a precompact in X. This is trivial for t s 0, since V 0 s x . So let t, K 0 0 -t F a, be fixed and let ⑀ be a given real number satisfying 0 -⑀ -t. 
S x t s E T t Ex q E T t y s f s, x s ds
H 1 0 0 a y 1 y E T a y f , x d Ž . Ž . Ž . H 0 a y 1 y E T a y g ,, x , Q d d ds Ž . Ž . Ž . Ž . Ž . H H 0 0 s t y ⑀ y 1 q E T t y s g s,, x ,Q dds. Ž . Ž . Ž . Ž . H H ½ 0 0 Ž . Ž . Ž . ÄŽ .Ž .
Since u s is bounded and T t is compact, the set V t s S x t :
⑀ ⑀ 4 x g B is a precompact set in X. Also, for x g B , using the defined
H H
H H Ž . ii For each z g X, t, s, z is measurable.
